The composition of the arthropod fauna foraging within the canopy of Argyrodendron actinophyllum Edlin (Sterculiaceae) in a subtropical rainforest near Brisbane, Australia, was investigated during a 2-year field study. Collecting methods included flight interception traps, restricted canopy fogging, and hand-collecting. Over 50 000 canopy arthropods were collected and about 760 species sorted, from which 660 were identified at least to the generic level by taxonomists. The arthropod fauna of A . actinophyNum is characterised by the abundance of Clubionidae, Theridiidae, Psylloidea, Phlaeothripidae, Chrysomelidae, Corylophidae, Curculionidae and Braconidae, and by the scarcity of Empididae, Symphyta, Ichneumonidae and Formicidae. The major determinants of the composition of the arboreal fauna are discussed, including biogeographical and historical constraints, rainforest mesoclimate and host phenology, host architecture and biochemistry, and intrinsic composition of the foliicolous fauna. The faunistic composition of this subtropical rainforest tree species exhibits several features common to both temperate trees (such as the high numbers of homopterans and spiders and the limited populations of arboreal ants) and tropical rainforest trees (such as the large beetle populations and the high orthopteran biomass).
Introduction
The potientially rich and diverse arthropod fauna from Australia remains largely undiscovered and its systematics is still fragmentary (Taylor 1983) . This is particularly true of herbivores and of species associated with arboreal habitats (Woinarski and Cullen 1984) . Forest entomology in Australia has been focused mainly on pests associated with two genera of trees, dominant in Australian ecosystems: Eucalyptus and Acacia (e.g. Froggatt 1923; Morrow 1977; Carne and Taylor 1978; New 1979 New , 1984 Van den Berg 1980; Ohmart et al. 1983b) . Other Australian native trees and their associated fauna have received little attention from entomologists (e.g. Froggatt 1923; Woinarski and Cullen 1984; Andersen and New 1987) and even fewer studies are relevant to canopy arthropods associated with Australian rainforest trees (e.g. Lowrnan 1985) .
The aims of the present study were to record the arthropod fauna foraging within the crowns of the rainforest tree Argyrodendron actinophyllum Edlin (i.e. the fauna 'associated with' A, actinophyllum) and to assess the ecological features of this arboreal community. This global approach was chosen because Moran and Southwood (1982) showed that trees support a rich arthropod fauna, consisting of species of differing food habits, commonly classified by ecologists into a system of arboreal guilds. Space limitations do not allow presentation of comprehensive checklist of arthropods collected in the crowns of the host tree studied. Such a checklist does, however, exist (Basset 1989) and is available from the author on request. The taxonomic composition of the arboreal fauna is examined here at
Material
The collected specimens were stored in 70% ethanol, with the exception of some dry-pinned reference collections. The keys provided by Waterhouse (1970) were employed for sorting the material into orders and families; nomenclature was followed accordingly, except for a few taxa where updating was necessary. Acari and Collembola (mostly Oribatei and Entomobryidae) were disregarded because the handling of the specimens was too time-consuming and the proper estimation of their abundance would have required washing the inner part of the enclosure after each fogging sample (Hijii 1983; Basset 1990 ). Imagines of Lepidoptera were simply sorted by 'family habitus', since exact sorting increased the time investment tenfold without increasing the ecological information gained very much. Other arthropod groups were either extensively sorted into recognisable taxonomic units (RTUs: morphospecies), or sorted to family only (e.g. most of Diptera, Hymenoptera and Lepidoptera). Extensive sorting primarily concerned phytophagous species, reference collections of these groups were forwarded to 40 interested taxonomists for checking and finer study (Appendices I, 11). The RTU assignment was corrected after examination by specialists, if needed. Furthermore, juveniles could not always be assigned to families with certainty (e.g. heteropterans, psocids) and had to be recorded as different species from adults. Most of the material collected was subsequently lodged at the Queensland Museum, Brisbane, after the completion of the study. Other specimens were donated to the Australian National Insect Collection, Canberra, and to other institutions involved with the sorting of the material. 
Results
Some 46 000 specimens distributed in 231 different arthropod families were collected by the five interception traps. The restricted canopy fogging program yielded 5600 individuals and 113 families. Species provided by hand-collecting were common in both the trap and the fogging collections. Appendix I details the number of individuals collected by orders and families, for each sampling method. When available, the number of species sorted (or RTUs) is listed, along with the assignment within the system of arboreal guilds (see Basset 1989 ). Out of 759 species which were recognised in this material, 439 were named at the generic level and 219 species were identified. Seven genera and 38 species were formally recognised as new and await description. These statistics emphasise the poor taxonomic knowledge of rainforest arthropods in Australia and, particularly, that of canopy arthropods. The taxonomic composition of each arthropod order is briefly outlined below.
Araneae
Spiders were the dominant order on the foliage. Such spider dominance has been reported from several temperate trees (oak: Patocka et al. 1962 (cited in Nielsen 1975 ; beech : Nielsen 1975; pine: Ohmart and Voigt 1981; cork oak: Bigot and Kabakibi 1987) . Spiders are an important element of the canopy fauna in Europe (Nielsen 1975) . They are well represented on eucalypt species in Australia but are supplanted by ants (Yen 1989; Majer et al. 1990 ). Woinarski and Cullen (1984) observed that spiders are more abundant in non-eucalypt trees than in eucalypts.
Arboreal spiders were well represented among the families Theridiidae (Synotaxus Simon, Thwaitesia Cambridge, Euryopsis Menge, Achaearanea Strand), Clubionidae (Clubiona Latreille, Cheiracanthium Koch), Salticidae (Helpis Simon, Holoplatys Simon), Araneidae (Araneus Clerck, Dolophones Walckenaer) and Thomisidae (Diaea Thorell, Sidymella Strand), as found in other arboreal studies (references in Table 1 ). However, Linyphiidae (Bathyphantes Menge) and Erigoniidae, scarcely obtained from the foliage sampled, represent an important component of the spider fauna on temperate trees (e.g. Renault and Miller 1972; Albert 1976 ). On the eucalypt species examined by Yen (1989) Salticidae were the dominant family, unlike Theridiidae in the present study. All families cited above are also well represented in the rainforest litter (Davies 1976 (Davies , 1977 ) and a good proportion of the genera encountered on the foliage in this study (see Basset 1989 ) are also found at ground level (Davies 1976 (Davies , 1977 . It is well known that some European spiders migrate seasonally from the litter to the forest canopy and vice versa (Albert 1976 ); a similar situation may exist in Australian subtropical rain forests. Interestingly, leaf rollers such as Deliochus Simon and Phonognatha Simon (Araneidae: Main 1981) were not uncommon on black booyong foliage.
Coleoptera
The coleopteran fauna was dominated by the following families: Chrysomelidae (Rhyparida Baly, Longitarsus Berthold, Colaspoides Laporte), Scolytidae (Cryphalus Erichson, Xyleborus Eichhoff, Xylosandrus Reitter), Corylophidae, Staphylinidae (Paraphloeostiba Steel, Sepedophilus Gistel, Anoty/us Thomson), Curculionidae (Perissops Pascoe, Enteles Schoenherr, Saccolaemus Kuschel, Storeus Schoenherr, ?Hypera Germar), Scarabaeidae (Heteronyx GuCrin-MCnkville, Neoheteronyx Blackburn), Phalacridae (Litochrus Erichson), Lathridiidae (Cortinicara Johnson), Mordellidae, Melandryidae (Orchesia Latreille), Cerambycidae (Mesolita Pascoe), Elateridae (Conoderus Eschsholtz), Carabidae (Trigonothops Macleay, Agonocheila Chaudoir) and Tenebrionidae (Amarygmus Dalman). These families are usually common in arboreal habitats (references in Table 1 ). However, fewer Anthicidae (Zctistyngna Pascoe) were collected here than in other rainforest studies (Erwin and Scott 1980; Stork 1987a) or in Australian eucalypts (Yen 1989) . In contrast, a higher proportion of Biphyllidae (Biphyllus Dejean), Laeomophloidae (?Leptophloeus Casey, Placonotus Macleay), Anobiidae (Deltocryptus Lea, Dorcatoma Paykull) and Cleridae (Stigmatium Gray, Metademius Schenkling, Lemidia Spinola) were found. These two last groups are well represented in temperate trees. Anobiid beetles are commonly associated with myrtaceous capsules and exhibit a certain ecological radiation in Australia (Andersen and New 1987) . Foliage-dwelling Cleridae, such as Lemidia spp., were not uncommon and may be psyllid predators, as was reported for Lemidia subaenea Mulsant foraging on acacia trees (New 1978) . As for the rainforest tree Luehea seemanii Triana & Planch (Erwin and Scott 1980) , very few Coccinellidae (Rhyzobius Stephens) were discovered in the samples. This family is usually well represented in temperate ecosystems, particularly on conifers (references in Table 1 ). No Bruchidae were recorded from the collections, but the study was carried out in absence of a large seed yield. New (1983b) reported that curculionid species of the genus Melanterius Erichson have apparently replaced the Bruchidae in their role of seed-eaters in Australian acacias.
Representatives of the family Lathridiidae appear to be regularly sampled in arboreal surveys (Klomp and Teerink 1973; GagnC 1979; Ohmart 1981; Basset 19856) . Some species are considered to be ecological indicators of the stability of forested ecosystems in Europe (Dajoz 1980 ). Interestingly, three Australian studies mentioned that a lathridiid was the most common beetle on the foliage (New 1979 : Lathridius sp. on acacias; Ohmart et al. 19836 : Corticaria adelaidae Blackburn on eucalypts; Yen 1989: not specified, on eucalypts). In the present study Cortinicara sp. was the most abundant beetle species on the foliage with the exception of two chrysomelid species. This foliicolous fungal-feeder may be associated, among others, with moulds produced by psyllid honeydew (see below).
Diptera
Brachycera were represented by families including typical arboreal representatives (references in Table I ), such as Phoridae, Chloropidae, Empididae, Lauxaniidae, Dolichopodidae and Muscidae. However, dipteran predators, Empididae (Drapetis Meigen) and Dolichopodidae (Amblypsilobus Bigot, Chrysotimus Loew, Diaphorus Meigen), were slightly under-represented, especially the former family, in comparison with their occurrence in other arboreal habitats (see Martin 1966; Couturier 1973; Basset 1985a) . Empididae are most numerous in boreal, temperate or mountainous regions (Collin 1961 ) and most of those collected here belong to the subfamily Tachydromiinae, whose tiny members rarely fly and usually run actively on the trunk and branches (D. J. Bickel, personal communication) . Syrphidae were rarely collected; this family is poorly represented in Australia (Paramonov 1959) . Agromyzidae, which were not recorded, are apparently absent from Australian acacias (New 1983a) . Leaf mining on A. actinophyllum appears to be restricted to cecidomyiid and lepidopteran species (Basset 1989) .
The Lauxaniidae (Minettia Robineau-Desvoidy, Sapromyza FallCn), on the contrary, were remarkedly well represented in the collections, making up the fourth most abundant brachyceran family. Broadhead (1984) showed that most of the lauxaniid flies present adaptations of the mouthparts for fungal grazing on the surface of leaves. This habit is apparently well developed in rainforest species, and Broadhead (1984) reported large numbers of these flies in the forest canopy of Panama. An examination of a sample of lauxaniids collected in interception traps showed that their guts were full of fungal hyphae and spores (Basset 1989) . There is little doubt that these flies are actively grazing the microepiphyte cover on the foliage. Sciaridae, Cecidomyiidae and Chironomidae represented most of nematoceran collections.
Hemiptera
Psylloidea were by far the dominant insect group (in individuals) collected from the foliage. Of the psyllid specimens, 80% consisted of two undescribed species closely associated with A. actinophyllum (K. L. Taylor, personal communication; Y. Basset, personal observation). These species belong to the genera Aconopsylla Tuthill & Taylor (Psyllidae) and Protyora Kieffer (Carsidaridae). Psyllids are remarkedly diverse in Australia, in contrast with aphids (Eastop 1978) and exhibit major radiations on Eucalyptus and on Acacia (New 1983a) . Black booyong psyllids do not produce lerps, although Protyora nymphs bear waxy filaments. This free-living mode may promote the coexistence of spider predators on the foliage (Theridiidae, Araneidae, Thomisidae and Salticidae : Watmough 1968) . Other psyllid predators or psyllid parasitoids were also relatively abundant on the foliage: Anthocoridae, Miridae (Coccinellidae), Coniopterygidae, Encyrtidae, Eulophidae, Ceraphronidae, Platygasteridae (Watmough 1968; Hodkinson 1974) .
Cicadellidae (Xestocephalus Van Duzee, Tharra Kirkaldy, Austrotartessus Evans), Achilidae (genera near Callinesia Kirkaldy and Francesca Kirkaldy), Flatidae (Siphanta Still) and Issidae (Chlamydopteryx Kirkaldy) were also abundant on A. actinophyllum. A striking feature of the homopteran fauna was the absence of both Membracidae and Eurymelidae, which in Australia feed mostly on Acacia and Eucalyptus, respectively, and are often ant-attended (Woodward et al. 1970) . Most of the heteropteran species collected consisted of Miridae, Lygaeidae (Botocudo Kirkaldy) and Isometopidae.
Hymenoptera
One of the most obvious differences between the arboreal fauna examined and the equivalent fauna of other rainforest trees was the paucity of arboreal ants (Camponotus Mayr, Crematogaster Lund, Iridomyrmex Mayr). In this sense, A. actinophyllum is probably closer to temperate trees, which usually support fewer ants, than tropical trees or Australian eucalypts [temperate trees: ant =0.2-3.0% of individuals collected (Moran and Southwood 1982; Basset 1985~) ; tropical trees: 18-53% (Moran and Southwood 1982; Erwin 1983; Adis et al. 1984; Stork 1987a) ; eucalypts: 11-69% (Majer and Recher 1988; Yen 1989) l. The low occurrence of ants in the collections (interception traps, 3%; restricted canopy fogging, 270) confirms the more general examination by Majer (1990) of the status of arboreal ants in Australian rainforests. This author, sampling both with sticky traps and canopy fogging, showed that the abundance and the diversity of arboreal ants are generally lower in Australian rainforests than in eucalypt woodlands or in other rainforests.
This study failed to record any Symphyta associated with A. actinophyllum, with the exception of one Xiphydriidae (Rhysacephala Benson), a wood-borer. A few Tenthredinidae were obtained from the interception traps but they belonged to species equally abundant in the field layer (Basset 1989) . The family Tenthredinidae is poorly represented in Australia and is replaced by the Pergidae, feeding mostly on eucalypts (Riek 1970) . Several surveys in forested ecosystems recorded high ratios of Ichneumonidae to Braconidae, especially at ground level (Martin 1966; Geijskes 1968; Wolf et al. 1968) . Gauld (1986) showed that certain subfamilies of Ichneumonidae are less diverse in Australian tropics than elsewhere as a consequence of the lack of appropriate sawfly hosts. In the present study Braconidae were collected three times more abundantly than Ichneumonidae. Other well represented large hymenopterans included Apidae (Apis Linnaeus) and Halictidae (Lasioglossum Curtis). Sutton and Hudson (1980) gathered high numbers of Agaonidae from the canopy of a rainforest in ZaYre, no fig trees being close to their traps. Despite a similar situation in the present study, agaonids were rarely collected. High proportions of Pteromalidae and Bethylidae were found in the collections. Cynipoidea are poorly represented in Australia and are replaced by flower-bud galling Pteromalidae, particularly on Eucalyptus and Acacia (New 1983a (New , 1984 . However, it is believed that most pteromalids collected in the crowns of A, actinophyllum are parasitoid species. The importance of families of Hymenoptera Parasitica, as judged by the number of individuals collected, seems to conform to what has been previously observed in the tropics, particularly the high proportion of egg parasites (Scelionidae, Mymaridae) (Noyes 1989) . The high abundance of aleyrodid and coccoid parasites (E. C. Dahms, personal communication), particularly species of Aphelinidae (Eutrichosomella Girault) and Encyrtidae (Cheiloneurus Westwood), already documented from other rainforest surveys (Noyes 1989) , was, however, intriging, since their hosts were not extremely abundant on A. actinophyllum.
Thysanoptera
The family Phlaeothripidae (?Podothrips Hood, Teuchothrips Hood, Xylaplothrips Priesner) seemed strikingly abundant on the foliage sampled. Leaf-feeding and leaf-rolling Phlaeothripidae are particularly common in the high-rainfall areas of eastern Australia, where they form a complex of genera and species related to Teuchothrips (Mound 1971) , which was abundant on A. actinophyllum foliage. It is not certain whether the presence of pouch domatia on black booyong leaves may promote thrip populations. O' Dowd and Willson (1989) reported that 9170 of arthropods observed in domatia of 37 Australasian plants are mites, particularly predaceous and fungivorous types. The results of these authors support the existence of plant-mite mutualism, rather than a benefit to thrips.
Other Arthropod Orders
Neuroptera were characterised by a high proportion of Coniopterygidae (Coniopteryx Curtis) and a low proportion of Chrysopidae (Chrysopa Leach). The former family tend to be more abundant in New Guinean, Indonesian and Malaysian forest canopies, by comparison with the latter family, which, along with Hemerobiidae (Micromus Rambur), is more common in Australia (T. R. New, personal communication). Psocid samples were dominated by foliage-dwelling species, particularly Caeciliidae (Caecilius Curtis), Stenopsocidae and Ectopsocidae (Ectopsocus McLachlan), because the sampling methods had focused on the crown fauna rather than on the bark fauna. Lepidoptera were uncommon on the foliage, with the exception of fungal-feeding Arctiidae (Lithosiinae), and foliagefeeding Lymantriidae, Geometridae and Noctuidae. Most of Orthoptera consisted of Gryllidae (Ornebius GuCrin-MCnCville), Tettigoniidae (Austrosalomona Rentz) and Gryllacrididae. Phasmatodea were rare on the foliage: one single juvenile and unidentified specimen was sighted and neither trapping nor fogging yielded any others. Opiliones were also scarce in the collections, as were Pseudoscorpiones. This last order is abundant on the foliage of pine trees in the U.S.A. (Ohmart and Voigt 1981) and is well represented on the trunk of Brazilian rainforest trees (Adis 1981 ).
Discussion
Strong et al. (1984) review the major determinants of herbivorous insect diversity on their host plants in terms of three hypotheses: the habitat-heterogeneity hypothesis, the encounterfrequency hypothesis and the equilibrium theory of island biogeography. Similarly, the relative occurrence of arboreal taxa (herbivores and others) in the crowns of A. actinophyllum seems to be determined by some broad biogeographical and historical constraints, by some ecological determinants resulting from rainforest mesoclimate and host phenology, by some more local effects originating from host architecture (Lawton 1978) and host biochemistry, and from the composition of the arboreal fauna itself. These factors are all interrelated and cannot be isolated from each other with ease. Lawton (1984) , for example, showed that non-convergence in community structure of herbivorous insects on same host plants in differing geographic locations is prevented, among others, by climatic differences. The determinants of the arboreal fauna of A. actinophyllum are therefore tentatively summarised as follows.
Biogeographical and Historical Constraints
First, the association between black booyong and its specialist herbivores is probably influenced by historical and taxonomic factors. Carsidaridae, for example, appear to feed exclusively on Malvales (Hodkinson 1984) , and the association between Protyora sp. and A. actinophyllum is therefore understandable. Rainforest hosts belonging to plant orders other than Malvales may support other specialised psyllids or none at all. Second, the relative abundance in the collections of certain groups was conform to broad biogeographical expectations concerning Australian arthropods. Psyllids, particularly, are more prevalent than aphids in Australia (Eastop 1978) and were overall well represented on black booyong, whereas aphids included only a few individuals, most of them associated with orchids. The Tenthredinidae, rarely collected, are under-represented in Australia, and their scarcity may particularly decrease the diversity of certain Ichneumonidae in Australian tropics (Gauld 1986 ). Braconidae, indeed, outnumbered Ichneumonidae in the samples. Other groups which followed biogeographical expectations included Syrphidae, Agromyzidae and Bruchidae, which appear to be under-represented in Australia, and Anobiidae and Pteromalidae, which exhibit a certain radiation on this continent. Majer (1990) proposed that aboreal ants may be limited in Australian rainforests by the strong seasonal climate and the resulting seasonal productivity, which is less during winter. The present data tend to support this hypothesis. The productivity of foliage arthropods followed closely the host phenology, being 60% lower in winter than during summer, and the contribution that ants made to the biomass of foliage arthropods was far lower in winter than during summer (Basset 1989) . Opposing this observation, spiders represented about 85% and 65% of individuals and biomass, respectively, of foliicolous arthropod predators within black booyong crowns. Spiders may feed successfully on the relatively large populations of non-lerp-forming psyllids, psocids, thrips and nematocerans (Turner 1984; Nentwig 1987 ) present on the foliage during summer. Nentwig (1987) showed that small prey such as thrips may indeed be an important source of food for web-builders, which eat and recycle the silk of their web. In winter spiders can resist long periods of starvation (Riechert and Harp 1987) , and therefore may be more competitive than ants during periods of low prey availability in the canopy. This is suggested by the high populations all the year round of both juvenile and adult spiders (Basset 1989) . The web-builders can also feed upon the flying Nematocera (Chironomidae, Sciaridae) during winter, since these are important prey of these spiders (Nentwig 1987) , particularly arboreal species (Renault and Miller 1972) . Nematoceran flyers are abundant all the year round, and relatively active during winter (Basset 1989) . Conversely, ants do not prey much upon spiders and usually prefer softbodied insects such as aphids and caterpillars (Stradling 1987) . Overall, the available information strongly suggests that spiders have taken the predatory role of arboreal ants within A . actinophyllum crowns. Beetles may be relatively less sensitive than other groups to a large buildup of spider population on the foliage, since spiders usually avoid strongly sclerotised prey (Nentwig 1987) .
Rainforest Mesoclimate and Host Phenology

Host Architecture and Biochemistry
A structurally rich type of bark, such as the thick and scaly bark of A. actinophyllum, may enhance the abundance and diversity of certain spiders (Nicolai 1986 ) and possibly of some fungal-feeding beetles (e.g. Laemophloidae, Phalacridae, Biphyllidae, Corylophidae, Lathridiidae) and some scavenging taxa (e.g. Gryllidae, some Staphylinidae and Tenebrionidae). A thick bark may also be an appreciable refuge during unfavourable conditions for certain insects such as Carabidae . Moreover, the compound leaves of this rainforest host, increasing the complexity of the mature foliage, may promote the occurrence of web-building spiders by favouring web establishment, particularly because most spiders respond positively to denser vegetational supports (Robinson 1981) . For example, Stratton et al. (1979) showed that space-web builders, such as Theridiidae, dominated on the denser and architecturally most complex host of three coniferous species examined in northern Minnesota. Furthermore, the composition of the phytophagous fauna, particularly that of mono-and oligophagous species, is probably influenced by the food quality and the chemical defences of A . actinophyllum. Particularly, mucilage cells and canals are numerous in black booyong leaves. In Sterculiaceae (Hegnauer 1973 ) these structures contain complex sugar polymers (often with a core of galacturonic acid), which may, to a certain extent, 'gum up' insects or reduce their digestibility. The abundance of these cells and canals may limit grazing damage by generalist feeders and may partly explain the relatively low numbers of some orthopteran, phasmatodean and lepidopteran species chewing black booyong foliage.
Sap-sucking species, on the other hand, are probably less restrained by such defences, since they appear to be able to insert their stylets tortuously between cells and rarely pierce any until they reach the phloem elements (Dixon 1975) . Investigations on the effect of black booyong chemical defences on associated herbivores were, however, beyond the scope of this work.
Intrinsic Composition of the Fauna
Relatively large numbers of psyllids on the foliage may through their honeydew secretions locally increase the occurrence of moulds on the leaves and may benefit fungal feeding taxa such as Lauxaniidae and Lathridiidae, particularly in absence of ants to regularly remove honeydew. Psyllid predators such as spiders and coniopterygids, and different psyllid parasitoids, may also benefit from large non-lerp-forming psyllid populations. The apparent lack of Membracidae and Eurymelidae, well represented in other Australian trees, may be attributed to the lower occurrence of arboreal ants, since these homopteran families are usually ant-attended.
In summary, the arboreal fauna of A. actinophyllum is characterised on one hand by high numbers of homopterans and spiders and limited populations of arboreal ants, a type of faunistic composition close to that on certain temperate trees, and on the other hand, by large beetle populations (e.g. Chrysomelidae, Corylophidae, Curculionidae) and high orthopteran biomass, a type of faunistic composition closer to rainforest trees (references in Table 1 ). Thus the faunistic composition of this subtropical rainforest species apparently exhibits several features common to temperate and tropical rainforest trees. More comparative arboreal surveys of other tree species are, however, needed to compare adequately arboreal faunas from differing environments. 
I. Arthropod collections obtained from the crowns of
Argyrodendron actinophyllum
